Mitochondrial oxidative stress and increased seizure susceptibility in Sod2(-/+) mice.
Epileptic seizures can occur as a result of mitochondrial dysfunction. Mitochondria have vital functions such as energy generation, control of cell death, neurotransmitter synthesis, and free radical production. Which of these critical mitochondrial functions contributes to epileptic seizures is unknown. We demonstrate here that a subset of mice with partial deficiency of the mitochondrial superoxide dismutase (Sod2(-/+)) show increased incidence of spontaneous and handling-induced seizures that correlates with chronic mitochondrial oxidative stress (increased aconitase inactivation and 8-hydroxy-2'-deoxyguanosine formation in mitochondria) and diminished mitochondrial oxygen utilization. Before the age at which spontaneous seizures appear in a subset of the mice, Sod2(-/+) mice demonstrated increased susceptibility to behavioral seizures, mitochondrial aconitase inactivation, and neurodegeneration induced by the administration of kainate. These data suggest that chronic mitochondrial oxidative stress initiated by superoxide (O(2)(.-)) radicals is sufficient to increase seizure susceptibility due to aging, environmental stimulation, or excitotoxin administration. Sod2(-/+) mice showed an age-related decrease in the expression of glial glutamate transporters (GLT-1 and GLAST), suggesting that oxidant-induced inhibition of glutamate transport may play a mechanistic role in rendering some Sod2(-/+) mice susceptible to seizures. In summary, mitochondrial oxidative stress and resultant dysfunction may be an important mechanism underlying certain seizure disorders.